Abstract. The fuzzy dominant directed graph (fuzzy DDG) method is proposed in this paper to solve the multi-objective optimal mechanical turbine power of river current (RC) power generation system. Recently, there is great potential for the RC power generation system in renewable energy. The experimental Taguchi method is used to find the optimal solution for the power generation system. The optimization problem for the AC generator in RC power generation system is studied. The optimal output power with respect to three selected control factors is studied. By using Taguchi method, five cases are discussed. The testing case is the optimal output power problem. It is convinced that this method is applicable and easy to find the optimal solution quickly.
Introduction
Recently, renewable energy such as wind power, solar power and ocean power becomes more and more important for future energy harvest [1] - [3] . Like the ocean current power, the river current power also has great potential obtaining the energy from the river current. The RC power generation system has great potential in renewable energy application. The river current has rapid water current speed. An AC generator with turbine can harvest the river current power into the AC generator. In TAIWAN, there are many rivers coming from the Central Mountain.
The output power of the AC generator is associated with power density, gear transmission, radius of turbine, and water current speed. Taguchi method is used to find the optimal solution for the output power and efficiency. The optimal output power for RC power generation system is studied. The optimization of output power is analyzed by using Taguchi method.
Structure of River Current Power Generation
The river current power generation pre-study MSIPSB project is to study the possible river current power generation system nearby the Cross Sea Bridge at Peng-Hu Island in TAIWAN. Due to the limited budget and cost, the pre-study project tries to verify the possibility of setting up a small-scale river current power generation system. The overall study cases are classified in Fig. 1[4] - [12] .
There are two types in ocean current power generation. One is tidal current power. The other is ocean current power. The developed AC generator is suitable for both of the two types. The turbine of the AC generator is used to couple the river current flowing through the turbine. The tidal current generator has to setup in a specific place where the tidal change is large. The river current generator is usually built up deep under the water. The depth of the generator depends on where the river current speed has a maximum value. The river current power generation has great potential in renewable energy. Especially, it has advantages as compared with the wind power: 1) Noiseless: since it is setup under the sea. The noise is eliminated above the sea.
2) Smaller radius of the turbine: for the same output power, the turbine for river current power is smaller than the turbine for wind power. 
Experimental Testing and Verification
In the river current power generation system, three essential factors are selected to formulate an optimization problem. They are gear ratio, water current velocity, the equivalent diameter and fan blades. The propose analysis methods are Taguchi method, fuzzy inference based Taguchi method, and dual response surface methodology. The objective of the optimization problem is to achieve maximum output power for the AC power generator with turbines. Fig. 2 shows the adopted level definitions for case study. Basically, it is an equal spacing level definition. 
Optimal Output Power by Using Taguchi Method
The first testing case is the load testing for the AC power generator. The output power is measured. Larger output power is expected. Therefore, the Larger-The-Better is selected as the design objective. 
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The factor A is the gear ratio (hydraulic turbine/generator). The factor B is the water current speed. The factor C is the equivalent inside diameter for the turbine. As shown in Fig. 3 , the equivalent inside diameter of the turbine is illustrated. The electric load test is 200 ohm. The optimization problem is to obtain the optimal parameter set for the three factors. Table 1 shows the 9 experimental runs. The fan blade power conversion coefficient, the friction coefficient, the speed of flow, the fan blade input power, the fan blade output power, and the fan blade thrust force, are measured. Table 1 shows the generator's output voltage, the output current, the electrical frequency, the input power, the output power and the efficiency. The input power turbine power is expressed as:
The output power of the turbine is expressed as:
The propulsion force of the turbine is expressed as:
where Cp is the power conversion coefficient of the turbine o p is the sea water mass density. Cw is the resistive coefficient. Table 1 Parameter calculation for the 9 experimental runs.
In this paper, is used to formulate the orthogonal array as shown in Table 2 . We can obtain the response table in Table 3 . The response graph may be plotted as shown in Fig. 4 according to Table 3 . S/N of by various factors compared to the response table may know that three factors optimal fit for group, carries on the variance analysis, its analysis result is listed in Table 4 . The optimal S/N ratio can be calculated by the equation as below: From Table 4 , we may obtain degree of contribution for each factor. The factor A, B and C are 2.0351%, 16.2291% and 79.9019% respectively. We may see the factor B and the factor C are the two key factors that influence quality characteristic. The optimal value can recalculated again. 
Before improvement, the initial parameter set is selected as 1 into the following expression,
The quality loss ratio is
Finally, we can obtain the optimal solution is 1 3 1 A B C from the response graph. Since the optimal solution is not at the orthogonal array. Further reconfirmation experimental testing should be performed to ensure the optimal solution is actually verified. The reconfirmation experiment is performed under the condition of 16:24 gear ratio, the water current speed 2.60 m/s, and the equivalent inside diameter 0.045 m of the turbine. By repeat experiments, the AC generator output is 84.11W, 82.56W and 83.59W. The average value is worth 83.42W, which is the exact maximum value among the orthogonal array.
Conclusion
In this paper, the optimization problems of output power and efficiency for turbine of RC power generation system are discussed. The testing case is the conventional Taguchi method to find the optimal output power of the AC generator. It is believed that it is easy and convenient to apply proposed optimization technique to analyze the power generation problem.
